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FOREWORD 


Opinions,  interpretations,  conclusions  and  recommendations  are 
those  of  the  author  and  are  not  necessarily  endorsed  by  the  U.S. 
Army. 

Where  copyrighted  material  is  quoted,  permission  has  been 
obtained  to  use  such  material. 


_  Where  material  from  docviments  designated  for  limited 

distribution  is  quoted,  permission  has  been  obtained  to  use  the 
material . 


Citations  of  commercial  organizations  and  trade  names  in  this 
report  do  not  constitute  an  official  Department  of  Army 
endorsement  or  approval  of  the  products  or  services  of  these 
organizations . 

In  conducting  research  using  animals,  the  investigator (s) 
adhered  to  the  "Guide  for  the  Care  and  Use  of  Laboratory 
Animals,"  prepared  by  the  Committee  on  Care  and  use  of  Laboratory 
Animals  of  the  Institute  of  Laboratory  Resources,  national 
Research  CoTincil  (NIH  Publication  No.  86-23,  Revised  1985). 


For  the  protection  of  human  subjects,  the  investigator (s) 
adhered  to  policies  of  applicable  Federal  Law  45  CFR  46. 


In  conducting  research  utilizing  recombinant  DNA  technology, 
the  investigator (s)  adhered  to  current  guidelines  promulgated  by 
the  National  Institutes  of  Health. 

In  the  conduct  of  research  utilizing  recombinant  DNA,  the 
investigator (s)  adhered  to  the  NIH  Guidelines  for  Research 
Involving  Recombinant  DNA  Molecules. 


In  the  conduct  of  research 
investigator (s)  adhered  to  the 
Microbiological  and  Biomedical 


involving  hazardous  organisms, 
CDC-NIH  Guide  for  Biosafety  in 
Laboratories . 


the 
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The  aim  of  this  investigation  is  to  provide  evidence  to  determine  whether  mannose  6- 
phosphate  insulin-like  growth  factor  2  receptor  (M6P/IGF2R)  is  a  tumor  suppressor  gene. 
Genetic  studies  have  identified  M6P/IGF2R  as  a  putative  tumor  suppressor.  The  gene  locus  at 
6q25-26  is  reportedly  subject  to  loss  of  heterozygosity  (LOH)  accompanied  by  loss-of-flinction 
point  mutations  in  the  remaining  allele  of  both  liver  and  breast  carcinomas  (1,2).  Furthermore, 
somatic  mutations  in  coding  region  microsatellites  of  M6P/IGF2R  have  been  documented  in  a 
variety  of  replication  error  positive  (RER+)  tumors  of  the  gastrointestinal  tract,  brain  and 
endometrium  (3, 4,5, 6). 

Physiologically,  well-defined  functions  of  M6P/IGF2R  include:  1)  to  facilitate 
endocytosis  of  extracellular  mannose  6-phosphorylated  (M6P)  proteins  (7);  to  escort  newly 
synthesized  M6P  proteins  from  the  Golgi  to  endosomes  (8);  3)  to  play  a  role  in  the  proteolytic 
activation  of  transforming  growth  factor  p  (TGFp),  a  negative  growth  regulator  (9);  and  4)  to 
target  insulin-like  growth  factor  2,  a  potent  mitogenic  peptide,  for  degradation  thereby 
preventing  insulin-like  growth  factor  1  receptor  (IGFIR)  activation  (10).  The  cellular 
consequences  of  loss  of  M6P/IGF2R  function  are  therefore  potentially  wide-ranging.  It  has  been 
hypothesized  that  loss  of  M6P/IGF2R  function  may  influence  tumor  growth  by  promoting  tumor 
invasion  through  lysosomal  enzyme  misrouting,  decreasing  the  growth  inhibitory  activity  of 
TGFp,  and  increasing  the  mitogenic  and  cell  survival  activities  of  IGF2  (11).  Although 
M6P/IGF2R  as  a  transport  protein  has  been  extensively  studied,  the  role  of  M6P/IGF2R  in 
growth  regulation  in  the  adult  remains  unclear.  There  is  some  evidence  that  the  role  of 
M6P/IGF2R  as  an  IGF2  antagonist  is  critical  in  regulating  cellular  growth  (10,11,12,13)  but  to 
date,  there  is  no  direct  evidence  to  support  the  hypothesis  that  M6P/IGF2R  function  is  important 
for  suppression  of  tumor  cell  growth.  This  study  addresses  the  hypothesis  that  M6P/IGF2R  is  a 
tumor  suppressor  in  IGF2-sensitive  malignancies. 

Current  Progress 

This  study  employs  IGF2-sensitive  MCF7  breast  cancer  cells  to  investigate  the 
consequence  of  overexpression  of  wildtype  M6P/IGF2R  or  specific  ligand  binding  deficient 
mutants  that  specifically  bind  either  IGF2  or  M6P  proteins.  Bovine  M6P/IGF2R  cDNA  was 
employed  since  transfected  bovine  M6P/IGF2R  can  be  distinguished  from  endogenous  human 
M6P/IGF2R  by  a  bovine-specific  monoclonal  M6P/IGF2R  antibody.  Furthermore,  the  human 
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and  bovine  M6P/IGF2R  cDNA  share  80%  sequence  identity  (14)  and  studies  investigating  the 
M6P-sorting  properties  of  M6P/IGF2R,  the  functional  properties  of  the  human  and  bovine 
M6P/IGF2R  were  identical  (15,16).  Wildtype  M6P/IGF2R  cDNA  subcloned  into  the  expression 
vector  pcDNAS  was  transfected  into  MCF7  cells.  To  identify  the  potential  role  of  M6P/IGF2R 
in  growth  regulation,  mutations  were  introduced  in  the  receptor,  which  selectively  disrupt  either 
IGF2-  or  M6P-binding.  IGF2^/q/R  deficient  in  IGF2  binding,  and  M6PJejR  deficient  in  M6P 
binding,  in  addition  to  an  inactive  frameshift  negative  control  D95Stop,  were  also  subcloned  into 
pcDNAS  and  transfected  into  MCF7  cells.  cDNA  constructs  for  bovine  M6P-binding  deficient 
and  wt  M6P/IGF2R  were  kindly  provided  by  Dr  N.  Dahms  (15).  We  hypothesized  that 
increasing  the  M6P/IGF2R  expression  by  transfection  would  be  sufficient  to  observe 
M6P/IGF2R-mediated  growth  suppression.  Preliminary  data  from  previous  reports  indicate  that 
the  function  of  M6P/IGF2R  as  an  IGF2  antagonist  is  important  in  suppression  of  IGF-stimulated 
MCF7  tumor  cell  growth.  The  SOW  for  months  25  to  36  proposed  the  generation  of  human 
M6P/IGF2R  cDNA  that  incorporated  mutations  identified  in  human  breast  tumors.  These 
mutants  would  then  be  subcloned  into  the  inducible  expression  system  and  transfected  in  MCF7 
cells  in  order  that  change  in  phenotype  could  be  assessed.  However,  in  the  past  year,  several 
repeats  of  experiments  reveal  that  overexpression  of  M6P/IGF2R  does  not  significantly  regulate 
exogenous  IGF2-dependent  growth  and  in  the  remaining  months  of  this  grant,  this  negative  result 
will  be  further  assessed. 

Overexpression  of  M6P/IGF2R  in  MCF7  cells  does  not  alter  IGF2-dependent  growth 

MCF7  cells  transfected  to  constitutively  express  wt  and  mutant  M6P/IGF2Rdemonstrated 
a  5-fold  increase  (determined  by  densitometry  not  shown)  of  M6P/IGF2R  over  endogenous 
levels  (Figure  lA).  A  Western  blot  with  a  bovine  receptor  specific  monoclonal  antibody  and 
with  a  polyclonal  antibody  to  M6P/IGF2R  confirmed  that  transfected  wt  MCF7/IGF2R, 
IGF2deflR  and  M6PdefR  were  expressed  at  similar  levels  in  each  pool.  The  effect  of 
M6P/IGF2R  overexpression  on  proliferation  in  low  serum  (.05%  FBS)  medium  supplemented 
with  either  lOnM  IGFl  or  IGF2  was  studied.  Figure  1,  panels  B  and  C,  present  the  compilation 
of  four  separate  WST-1  proliferation  assays.  As  expected  IGFl -dependent  growth  was  similar 
for  all  the  transfectants  (Figure  IB)  since  IGFl  has  no  affinity  for  M6P/IGF2R.  However, 
overexpression  of  M6P/IGF2R  did  affect  the  IGF2-dependent  growth  rate  of  cells 
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overexpressing  wildtype  or  either  of  the  two  mutant  receptors  when  compared  to  cells 
transfected  with  the  negative  control  (Figure  1C).  The  consequence  of  M6P/IGF2R 


overexpression  on  the  anchorage-independent 
growth  capability  of  cells  was  also  investigated 
(Figure  ID).  To  control  for  any  differences  in  cell 
plating  among  the  four  pooled  cell  lines  in  soft 
agar  assays,  the  results  are  presented  as  the  ratio  of 
the  number  of  colonies  (greater  than  60pm) 
formed  from  stimulation  with  10  nM  IGFl  to  the 
number  of  colonies  formed  from  stimulation  with 
10  nM  IGF2.  If  overexpression  of  M6P/IGF2R 
negatively  affects  IGF2-  but  not  IGFl -dependent 
growth  of  MCF7  cells  as  hypothesized,  cells 
overexpressing  wt  M6P/IGF2R  and  M6PJe/R 
would  form  less  colonies  in  response  to  IGF2  then 
cells  expressing  IGF2JeyR  or  the  negative  control. 
Thus,  the  ratio  of  IGFl -dependent  growth:IGF2- 
dependent  growth  would  be  greater  for  those  cells 
expressing  wt  or  MGPdefR.  compared  to  that  of 
control  cells.  However,  no  difference  was  detected 
in  the  number  of  colonies  from  cells 
overexpressing  the  various  receptor  constructs;  the 
IGF1:IGF2  ratio  of  colonies  formed  in  soft  agar 
after  a  2  week  period  from  cells  expressing  either 
wt  M6P/IGF2R  or  M6PJe/R  was  not  significantly 
different  from  cells  expressing  IGF2c?^  or  the 
negative  control. 

To  determine  that  exogenous  M6P/IGF2R 
in  MCF7  cells  was  appropriately  localized  in  the 
Golgi  and  endosomal  compartments,  the 
transfected  cells  were  grown  on  microscope  slides. 


Monoclonal 


Polyclonal 


Figure  1.  Constitutive  M6P/IGF2R  overexpression  does 
not  affect  cell  growth.  A,  Transfected  MCF7  lysates  were 
screened  by  Western  blotting.  B,  C,  Relative  proliferation 
of  cells  expression  the  various  M6P/IGF2R  constructs  Q 
D95Stop;  M\GY2deJK\  X  M6?deJR;  *  Wt)  was  determined 
by  WST-1  readings  at  the  indicated  time  points  for  cells 
untreated  (broken  lines)  or  treated  with  lOnM  IGFl  or 
IGF2  (solid  lines).  Values  are  an  average  of  4  independent 
experiments  and  the  error  bars  indicate  the  SEM.  D,  Cells 
plated  in  soft  agar  were  treated  with  lOnM  IGFl  or  lOnM 
IGF2  and  the  number  of  colonies  counted  after  14  days. 
The  bar  chart  represents  the  average  of  ratios  from  6 
independent  experiments  and  the  error  bars  indicate  the 
SEM. 
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MCF7D95Stop  MCr7[GF2</e/R 


fixed,  permeablized  and  probed  with  a 
polyclonal  antibody.  The  stained  cells 
were  viewed  by  confocal  microscopy 
(Figure  2).  MCF7  cells  transfected  with 
the  negative  control  D95Stop  exhibited 
extremely  low  levels  of  M6P/IGF2R, 
indicating  the  low  background  of 
endogenous  human  M6P/IGF2R  of 
MCF7  cells.  The  pattern  of  staining  for 
wt  M6P/IGF2R,  M6P  Je/R  and  IGF2  Je/R 


constructs  were  identical  and  consistent 
with  M6P/IGF2R  localization  at  the 
Golgi  and  endosomal  compartments. 
This  distribution  of  M6P/IGF2R  is 
indistinguishable  from  that  of  human 
wildtype  M6P/IGF2R  (hM6P/IGF2R) 
overexpressed  in  MCF7  cells  or  bovine 
wildtype  M6P/IGF2R  overexpressed  in 
the  murine  fibroblast-like  D9  cell  line. 
Furthermore,  the  pattern  of  exogenous 
M6P/IGF2R  localization  shown  here  is 
similar  to  that  observed  in  PD3881  transfected  to  overexpress  human  M6P/IGF2R  and  in  normal 
rat  fetal  cardiac  myocytes  [Kang,  1999  #51].  We  conclude  then  that  the  distribution  of 
transfected  M6P/IGF2R  in  MCF7  cells  is  normal. 

The  findings  with  pooled  transfected  MCF7  cells  constitutively  expressing  M6P/IGF2R 
disproved  our  original  hypothesis  that  the  IGF2  antagonist  action  of  M6P/IGF2R  has  a  role  in 
tumor  suppression  of  IGF2  sensitive  malignancies.  To  confirm  this  negative  result,  MCF7 
clones  transfected  to  overexpress  wt  and  mutant  M6P/IGF2R  imder  the  control  of  a  doxycycline 
inducible  promoter  were  utilized.  A  clonal  population  iWtl,  was  identified  and  expanded  for 
further  study.  Western  blot  analysis  of  iWtl  lysates  of  cells  treated  without  or  with  Ipg/ml 


MCF7hM6P/IGF2R  D9Wt 


Figure  2.  Subcellular  localization  of  M6P/IGF2R 
expressed  in  MCF7  and  D9  cells.  MCF7  cells  expressing 
bovine  M6PAGF2R  receptor  constructs,  D95Stop, 
IGF2defR,  M6PdefR  or  wt  M6P/IGF2R,  were  cultured  on 
glass  coverslips,  fixed  and  immunostained  with  an 
M6P/IGF2R  polyclonal  antibody  and  fluorescent  secondary 
antibody.  MCF7  cells  expressing  human  wildtype 
M6P/IGF2R  (hM6P/IGF2R)  and  D9  cells  expressing  bovine 
wildtype  M6P/IGF2R  were  also  stained.  600x 
maimification. 


doxycycline  for  24  hours  demonstrates  overexpression  of  bovine  wildtype  M6P/IGF2R  above 
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A 


Mnnnr.lonal 


dox 


Polyclonal 


Figure  3  Inducible  M6P/IGF2R  overexpression  does  not 
affect  cell  growth.  A,  Western  blot  of  whole  cell  lysates  of 
MCF7  cells  treated  with  or  without  1  pg/ml  doxycycline  for 
24  hours  demonstrating  inducible  expression  of  functional 
wtM6P/IGF2R.  B,  C,  Cells  treated  with  or  without 
doxycycline  to  induce  wt  M6P/IGF2R  expression  were 
given  no  treatment  or  treated  with  40  nM  IGFl  or  IGF2  (§ , 
+dox,  +  IGF;  O,  -dox,  -IGF;  +dox,  SFM;  n,  -dox,  SFM; 
broken  line,  SFM;  solid  line,  IGF  treatment)  and  proliferation 
determined  by  WST-1  at  the  times  indicated.  The  graphs  are 
representative  of  3  experiments  and  the  error  bars  represent 
the  SEM  of  results  in  triplicate.  D,  Cells  plated  in  soft  agar 
were  treated  without  or  with  doxycycline  for  24  horns  before 
treatment  with  40  nM  IGFl  or  IGF2  and  the  colonies  were 
counted  after  14  days. 


endogenous  levels  of  human  M6P/IGF2R.  Confocal  microscopy  confirmed  that  the  subcellular 
distribution  of  doxycycline  induced  wt  M6P/IGF2R  in  iWtl  was  identical  to  that  shown  in 
MCF7  pools  constitutively  overexpressing  the  receptor  (data  not  shown).  With  this  tightly 
regulated  inducible  expression  model,  WST-1  proliferation  assays  were  repeated  to  study  the 
effect  of  induced  overexpressed  M6P/IGF2R  on  the  growth  rate  of  cells  compared  to  untreated 
controls  in  response  to  IGFl-  and  IGF2-dependent  growth.  iWtl  cells  were  plated  in  a  96-well 
dish  and  treated  with  or  without  doxycycline  to  induce  M6P/IGF2R  expression  for  24  hours 
before  IGFs  were  added.  Figure  3B  and  3C  demonstrates  that  overexpression  of  wt  M6P/IGF2R 
did  not  affect  IGF  dependent  growth. 

Anchorage  independent  growth  was  also  unaffected  by  overexpression  of  M6P/IGF2R. 
iWtl  treated  with  doxycycline  to  induce  M6P/IGF2R  overexpression  showed  no  retarded  colony 
growth  compared  to  untreated  cells.  The  ratio  of  IGF-dependent  colonies  (greater  than  60p,m) 
was  similar  whether  or  not  cells  were  treated  with  doxycycline  to  induce  receptor  overexpression 
(Figure  4D). 
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Francisco,  CA  Abstract  #5002  4/2000. 

3)  Stacey  A  DaCosta,  Lisa  M  Schumaker,  Adam  J  Oates  and  Matthew  J  C  Ellis.  Mannose  6- 
Phosphate  /Insulin-like  Growth  Factor  2  Receptor  (M6P/IGF2R)  as  a  tumor  suppressor  gene. 
American  Association  of  Cancer  Research  91**  Annual  Meeting.  New  Orleans,  LA  Abstract 
#4230  4/1998 
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Conclusions 


It  has  been  determined  that  affinity  for  M6P/IGF2R  suppresses  autocrine  IGF2  activation 
of  IGFIR  [ref].  This  data  together  with  the  presented  results  suggest  that  M6P/IGF2R  may 
inhibit  autocrine  IGF2  within  the  secretory  pathway,  but  not  efficiently  suppress  IGF2  after 
release  from  the  cell.  IWtl  cells  were  therefore  transfected  with  a  hygromycin  -based  IGF2 
retrovirus.  The  resulting  hygromycin  resistant  colonies  were  expanded  and  screened  for  IGF2 
expression  by  dot  blot  and  RNase  protection  assays.  However,  no  colonies  were  obtained  that 
expressed  high  levels  of  IGF2.  The  IGF2  cDNA  was  then  subcloned  into  a  zeomycin-based 
expression  vector  and  iWtl  cells  transfected  with  this  plasmid.  This  will  create  a  model  in  which 
to  study  the  impact  of  M6P/IGF2R  overexpression  in  an  autocrine  IGF2  model.  iWtl  clones 
expressing  IGF2  will  be  characterized  and  proliferation  assays,  soft  agar  assays  and  apoptosis 
assays  will  be  done  to  determine  any  effect  of  M6P/IGF2R  overexpression  on  the  phenotype  of 
these  cells. 
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